The syndrome of diabetes insipidus may arise from many different lesions of the hypothalamohypophyseal mechanism. Destruction of the posterior .lobe of the pituitary gland, the hypothalamo-hypophyseal tract, or the supra-optic nuclei bilaterally will produce the symptoms of polyuria and polydipsia, provided the anterior lobe of the pituitary gland remains functionally intact. It is a r-are affection. In the majority of cases the pathological cause of the diabetes insipidus can be deduced during life, but there remains a small group of cases in which this is not possible.
This communication is concerned with the association of diabetes insipidus with diffuse pulmonary disease in four patients. The first patient was undoubtedly suffering from sarcoidosis in that he fell ill with fever, facial palsy, and uveoparotitis (Heerfordt), recovered, and later developed pulmonary disease and diabetes insipidus. The latter necessitated treatment with pitressin for 18 months. The second and third patients suffered from permanent diabetes insipidus and chronic . pulmonary "fibrosis" of obscure origin. The third patient showed progressive intellectual deterioration and his electroencephalogram was abnormal. In the fourth* patient diagnosis is not yet established, but sarcoidosis cannot be excluded. developed bilateral acute iridocyclitis. Thereafter he made good progress except for one further episode of iridocyclitis.
SARCOIDOSIS
During 1947 his general condition improved, but there was probably one mild recurrence of unilateral iridocyclitis. Early in 1948 he consulted his doctor because of shortness of breath, and was found to have bilateral enlargement of the hilar lymph nodes. He was investigated at a nursing-home, but no further abnormalities were disclosed. He had no cough, and the little sputum obtained was negative for tubercle bacilli, even after culture and guinea-pig inoculation. The E.S.R. was 9 mm. in one hour.
In July, 1948, he came under my observation. He described how he had recently been troubled with increasing thirst and polyuria. At first the polyuria was nocturnal and he would rise from his bed to urinate three or four times every night. This symptom was soon followed by excessive thirst. Investigation in hospital showed that he was suffering from true diabetes insipidus. Under controlled observation he voided seven to 15 pints (4 to 8.5 litres) of urine daily and drank roughly equal amounts. The specific gravity of the urine was usually in the neighbourhood of 1005. He was pale, but not significantly anaemic (R.B.C. 4,275,000 per c.mm.). On routine examination of the nervous system there was no abnormality. Power, tone, reflexes, and sensation were normal. The cerebrospinal fluid was normal. He was not noticeably short of breath, and the fingers were not clubbed. There was no enlargement of the lymrph nodes and the spleen could not be felt. The E.S.R. was 12 mm. in one hour. A radiograph of the skull was normal, but one of the chest revealed diffuse coarse fibrosis of both lungs with slight enlargement of the hilar lymph nodes (Fig. 1) . Radiographs of the hands and feet were normal.
In July, 1948, he Kourilsky (1950) has questioned the view, long held by clinicians, that in diabetes insipidus thirst is a consequence of the dehydration resulting from polyuria. Careful clinical investigations suggest that there may be considerable dissociation between polydipsia and polyuria. In Kourilsky's cases the polydipsia fell into four groups: (1) pure polydipsia of hypothalamic origin; (2) polydipsia resulting from partial destruction of the posterior lobe of the pituitary gland, when pitressin has a more or less definite action, and despite restriction of water intake there is no relative decrease in polyuria; (3) polydipsia of pituitary origin remaining when the polyuria has stopped. Kourilsky points out that such cases were at first considered as psychogenic, but their organic nature he believes established. The persistence of thirst depended on the existence of conditioned reflexes. (4) Pure polydipsias which were completely uninfluenced by treatment with posterior pituitary extracts. In two cases examined at necropsy, of pulmonary tuberculosis and arteriosclerotic cerebral softening respectively, the supra-optic hypothalamic tract was normal. Kourilsky believes that because of the associated organic disorders it is a mistake to call these cases " psychogenic polydipsias." In my patient no effect followed the injection of normal saline.
Diabetes Insipidus in Sarcoidosis.-Case 1 is a typical example of that variety of sarcoidosis commonly known as uveoparotitis or Heerfordt's syndrome. In his original paper entitled " Febris Uveo-parotidea Subchronica" Heerfordt (1909) published an account of three cases, the last of which, a man of 25 years, developed polydipsia and polyuria (diuresis 5,000 ml. daily) with multiple cranial nerve palsies a month after the onset of parotitis.
At least 18 well-established instances of diabetes insipidus developing in patients with sarcoidosis have been reported (Table I) . In a report on 300 cases of sarcoidosis Ricker and Clark (1949) made no mention of polydipsia and polyuria. Twentytwo cases came to necropsy and the pituitary was involved in one. Two patients died of Addison's disease. There are many further reports in which dryness of the mouth and thirst with or without frequent micturition are mentioned (Brewerton, 1910; Guillain, 1922; Jackson, 1925; Parker, 1926; Souter, 1929; Merrill and Oaks, 1931; Palmer, 1940) . In cases without polyuria, of course, dryness of the mouth and excessive thirst are most likely to result from the bilateral involvement of the parotid and submaxillary glands. Colover (1948 Table II. In at least six recorded cases of sarcoidosis of the nervous system hypersomnia or lethargy was a feature (Colover, 1948) . The distinction from encephalitis lethargica in such cases is difficult (Waldenstrom, 1937) . Haas and Joseph (1908) reported iridocyclitis and parotitis in a boy showing infantilism; the patient described by Rogers and Bodman (1926) (Fig. 2) and toes, but no cyanosis. The s of anti-cardiovascular system was normal. Chest expansion pidly sub-was 2f in. Clinical examination of the lungs revealed Ltegory Al no abnormality. Radiography showed diffuse bilateral miliary mottling without enlargement of the hilar lymph nodes (Fig. 3) . There was scanty sputum, and tests for tubercle bacilli were repeatedly negative. He was intelligent and co-operative and showed no evidence of intellectual or personality changes. There was blunting of pinprick sensation over the right side of the face and forehead, with a reduced corneal reflex; the pupils were slightly unequal but reacted normally. The optic discs and visual fields were normal. The blood Wassermann reaction was negative, and the cerebrospinal fluid was normal. Radiographs of the skull, hands, and feet were normal, and an air encephalogram showed a normal ventricular system with no excess of air over the cortex. The only abnormality of the skin, apart from dryness, consisted of areas of fat atrophy on the outer aspects of both thighs where he was accustomed to administer pitressin injections. Without treatment he voided 10 to 20 pints (5.7 to 11.4 litres) of urine daily. The only abnormalities disclosed on examination of the nervous system were slight pupillary inequality and loss of sensation of the right cornea and over the right side of the face and forehead.
The cerebrospinal fluid was normal.
The question that naturally arose was whether the diabetes insipidus, the pulmonary fibrosis, or both, were syphilitic in origin. In rejecting this explanation the following points were borne in mind. First, the patient's syphilis was undoubtedly congenital and only discovered on routine investigation for headaches in his twenty-ninth year. The nervous system and the cerebrospinal fluid were then normal. Secondly, by the time the pituitary disorder developed, the blood Wassermann reaction had become negative. The cerebrospinal fluid remained normal. Thirdly, the late development of unilateral involvement of the fifth cranial nerve can hardly be attributed to syphilis in these circumstances.
It is difficult to imagine that such uncommon and separate manifestations of congenital syphilis would make their appearance during the third decade in this manner. Much more likely is it that both pulmonary and pituitary symptoms are a manifestation of another disease. The possibilities will be considered in the discussion that follows the description of Case 3.
Case 3.-In 1944 a man, then aged 30 years and serving in the Army in East Africa, began to suffer from excessive thirst. On his admission to hospital it was estimated that fluid intake varied between seven and 14 pints (four to eight litres) and urinary output between eight and 20 pints (4.5 to 11.4 litres) daily (specific gravity of the urine 1000-1010). He passed urine every two hours during the day and usually three times at night. Apart from the evidence of loss of weight he appeared to be well, but a radiograph of the chest showed diffuse, fine miliary infiltration of the lungs. There was no enlargement of the hilar lymph nodes. No Mantoux test was possible at this stage, but six examinations of sputum were negative for tubercle bacilli. The E.S.R. was 9 mm. in one hour. The skin was normal. Radiographs of the skull and of the hands and feet disclosed no abnormality. The blood urea level was 24 mg. per 100 ml.
A blood urea clearance test showed 118% of normal renal function in the first hour and 62% in the second hour (mean 90%).
He was invalided home with a diagnosis of diabetes insipidus and was discharged from the Army in 1945. In May, 1945, round, scaly erythematous lesions, some of them nodular, appeared on the skin of the hands, right thigh, and abdomen. They varied in size from a threepenny piece to a shilling. The Mantoux test was negative to I in 100 O.T. The E.S.R. at this time was 9 mm. in one hour. He was then first troubled by shortness of breath on exertion and there were occasional asthmatic attacks and bouts of rhinorrhoea. Biopsy and histological examination of one of the skin nodules showed " zones of round-cell infiltra-tion in the deep layers of the cutis with macrophages, endothelial cells, lymphocytes, and plasma cells." An intramuscular injection of 1 ml. of pitressin controlled the polyuria for 24 to 48 hours.
In January, 1947, he developed a small, left-sided pneumothorax. At this time the radiographic changes in the lungs had progressed, but there was no evidence of hilar enlargement and the appearances were those of extensive fine miliary mottling with fibrosis. The Wassermann reaction was negative, the C.S.F. normal. Sputum examinations were negative for tubercle and the Mantoux test (1: 1,000 O.T.) was still negative higher concentrations were not used.
He came under my observation in May, 1949. He was now noticeably inefficient at his work. His memory for recent and remote events was poor, speech was at times slurred and indistinct, and his aptitude for figures was very much below that of the average bank clerk. He was frequently, anxious and irritable, and yet at other times would laugh foolishly and show lack of insight. Radiography of the chest revealed diffuse coarse reticulation (Figs. 4 and 5 ).
In thorax. This absorbed and chest expansion and air entry remained good. He still experiences considerable dyspnoea on effort, and occasionally adventitious sounds are heard in both lung bases. His wife described how his personality had deteriorated. He was now facile and rather child-like in his attitude to his illness. At times he was pleasant and co-operative, but sometimes there were bouts of temper or anxiety or depression. He was not disorientated and there were no hallucinations or delusions. Tests of intellectual function revealed a fairly gross deficit. Speech was slow, monotonous, and at times slurred. There were no narcoleptic attacks, but he was generally somnolent by day. There were no significant abnormalities on routine examination of the nervous system. Lumbar puncture revealed a normal cerebrospinal fluid pressure (120 mm.) with a free rise and fall on jugular compression; protein content of the cerebrospinal fluid was 50 mg. per 100 ml.; the Wassermann reaction was negative. A lumbar air encephalogram showed that the ventricular system was normal and there was no excess of air over the hemispheres. An electroencephalogram showed considerable abnormality; there was a clearly defined moderate potential theta rhythm with a predominant frequency of 6j cycles per sec.; slower waves in the theta band were also present. This activity appeared bilaterally in all leads, the amplitude in the frontal leads being lowest. Low potential delta waves appeared as little more than a base-line sway, also bilaterally. There was no alpha rhythm in the record.
Intravenous pyelography and urinary concentration and dilution tests were normal. The third urinary specimen of the concentration test showed a specific gravity of 1030. There was a mild normocytic anaemia (4,120,000 R.B.C. per c.mm.). The plasma globulins were normal.
Calciferol by mouth (150,000 units daily) was prescribed. This dosage was reached gradually and without side-effects.
In May, 1951, an artificial pneumothorax was induced on the right side, but the honeycomb appearance of the compressed lung was not much enhanced. At that time the film illustrating a pneumothorax he had experienced a few months previously was not available to me (Fig. 6 ). It shows, however, some accentuation of the honeycomb appearance of the compressed left lung. No abnormality has been discovered in the skeleton on careful radiological examination.
In neither Case 2 nor Case 3 can a diagnosis of sarcoidosis be established. In Case 2 there was no tissue available for biopsy (liver puncture was not performed). In Case 3 sarcoidosis was considered to be the interpretation of the histological changes observed in a skin nodule several years previously, but the specimen has not Writing of pulmonary sarcoidosis, Scadding (1950) described several different radiological appearances: (1) enlargement of hilar lymph nodes without detectable lung changes; (2) bilateral enlarged lymph nodes with diffuse mottling in the lungs; (3) diffuse pulmonary infiltration without gross evidence of hilar lymph node enlargement; (4) fine reticulation; (5) fibrosis, emphysema, and bulla formation. Scadding continues:
"Correlating my own experience with reports in the literature, I think the earliest intrathoracic lesion of sarcoidosis is usually hilar lymph-node enlargement, which may be shortly followed or more rarely accompanied by a more or less diffuse pulmonary infiltration varying from a fine micro-nodular type resembling miliary tuberculosis to coarser irregular mottling. Possibly some cases start with the pulmonary infiltration without a preceding stage of hilar lymph-node enlargement. Infiltrations of either type may either clear completely so far as radiographic appearances are concerned, or persist for a variable time with a variable amount of replacement by fibrosis. This fibrosis most frequently takes the form of irregular coarse strands, usually in the middle zones, with gross emphysematous changes elsewhere; or it may more rarely be of much finer type giving rise to a fine reticulated appearance in the radiograph. This latter appearance may easily be missed on inspection of the radiograph; it is accompanied, however, by a considerable diminution in the patient's vital capacity and correspondingly severe functional disability. In the cases which present the picture of fibrosis and emphysema tubercle bacilli may eventually appear in the sputum, although the radiographic appearances may not show any immediate corresponding change."
The good general condition, the insensitivity to tuberculin, and the clinical course of the affection are points that indicate that the pulmonary process in any given case is more likely to be sarcoid than tuberculous. " But it must be admitted," states Scadding, " that the differentiation between chronic miliary tuberculosis and sarcoidosis is in many instances little more than a verbal one." It will be remembered that the Mantoux reaction was considered to have been negative in the early stages of the disease in Cases 2 and 3 of this report, but in each case it was positive when the patient came under my care. The ultimate development of tuberculosis is, of course, frequent in sarcoidosis, but it is very improbable that the early invasion of the thalamo-pituitary region was tuberculous. Diabetes insipidus occasionally develops as a terminal event in tuberculosis, and it is known that bronchogenic carcinoma can present with the syndrome of diabetes insipidus (Peabody and Olsen, 1951) .
Examination of the literature concerning diabetes insipidus in sarcoidosis has not disclosed any case in which the lesions were confined to the pituitary region and the lungs. Clubbing of the fingers, which was observed in Case 2, is an uncommon finding in pulmonary sarcoidosis which has progressed to fibrosis. In Case 3, the progressive mental deterioration and the advance of the cerebral lesion with apparent quiescence of the pulmonary disturbance are difficult to reconcile with a diagnosis of sarcoidosis. The radiological appearance of the lungs in Case 2 has not altered during the past four years.
It is therefore considered that sarcoidosis is not the likely explanation of the syndrome in these two cases.
Case 4.-A 32-year-old carpenter was admitted to hospital in January, 1952, because of loss of weight, dyspnoea on exertion, and excessive thirst with polyuria. He was well until two years previously, and had never worked in a dusty atmosphere. In February, 1950, he developed a perianal abscess which required drainage. The chest was not tadiographed at the time. He recovered and remained well until a year ago, since when he had lost 28 lb. (13 kg.) in weight. His appetite deteriorated and he became short of breath on exertion. In October, 1951, he was referred to a chest clinic, and radiography showed pneumonic consolidation in the right mid-zone. He was febrile, and was sent home to bed under the care of his own doctor. A second radiograph taken a month later showed that the area of consolidation had resolved.
When admitted to hospital two months later he was sallow and his skin was rather dry. He had recently been troubled with excessive thirst. At night he would retire to bed with two jugfuls of water, and during the 24 hours he estimated that he drank about 12 pints of water in addition to fluids taken at mealtimes. There was increasing polyuria. He remained alert, cheerful, had no difficulty in concentrating, and his memory remained good. His sleep rhythm was unchanged, and there was no somnolence by day.
His eyes were prominent, but he said they had always been so (confirmed by photographs). The tip of the spleen could be felt, and a few small lymph nodes were palpable in the axillae. The fingers were not clubbed. Chest expansion was less than 1 in., but there were no adventitious sounds. Neurological examination revealed no abnormality: C.S.F., normal; E.E.G., normal. The specific gravity of the urine was 1005 to 1008, and there was no glycosuria. The average daily intake of fluids was 10 to 12 pints. The glucose tolerance curve was normal, the fasting blood sugar 80 mg. per 100 ml. The blood cholesterol level was 208 mg., the serum albumin 3.4 g., and globulin 1.9 g. per 100 ml.; albumin-globulin ratio 1.8:1.0. The blood Wassermann reaction was negative. The E.S.R. was 33 mm. in one hour. Thymol turbidity was 3 units. Leucocytes were 5,000 per c.mm.
(neutrophils 60%, lymphocytes 26%, monocytes 13%, eosinophils 1%). Haemoglobin was 96%. The Mantoux test was positive (1 in 100 O.T.). No tubercle bacilli were found in the sputum.
Radiography of the skull and skeleton gave normal results, and of the chest (Fig. 7) fine pin-head mottling evenly distributed throughout both lung fields; no cysts were detected, the hilar shadow was normal, and there was no pneumothorax. Tomography disclosed no further lesions. (Oechsli and Miles, 1934; Berg and Zachrisson, 1941; Ackermann, 1944 Lewis and Smart (1951) state that Weidman and Freeman (1924) , in reporting the necropsy of a case described by Griffith (1922) , were the first to describe cystic lung changes with diabetes insipidus. The case was that of a boy of 9 years who had jaundice, xanthomatous lesions of the skin and the skull, and diabetes insipidus. The blood cholesterol was 397 mg. per 100 ml. At necropsy the posterior pituitary was fibrotic and xanthic; there was a small interpeduncular xanthic tumour.
The lungs were said to cut like a rubber sponge and showed large alveoli, emphysematous bullae, fibrosis, and patches of xanthic deposit. Oswald and Parkinson referred to Griffith's paper but not to the necropsy. Lewis and Smart reported the case of a man, aged 21 years, with diabetes insipidus, "honeycomb lungs," and a normal blood cholesterol. They believe that such cases come into the category of normocholesterolaemic xanthomatosis as classified by Thannhauser.
In Cases 2 and 3 of this report no xanthomatous lesions of the skin were observed. Extensive radiological investigation revealed no abnormalities of the skeleton. In Case 2 the blood cholesterol was 235 mg. per 100 ml. and in Case 3 it was 283 mg. per 100 ml. The latter figure is high.
TUBEROUS SCLEROSIS "Honeycomb lungs" in tuberous sclerosis was first described by Berg and Vejlens (1939) , but diffuse cyst-like changes in the lungs with infiltration by fibrous and myomatous tissue was described by von Stoessel (1937) . In two patients with progressive dyspnoea and cyanosis (one with pneumothorax), with enlargement of the hilar shadows and a miliary radiological appearance, von Stoessel found at necropsy lung surfaces like " hob-nailed livers." He considered that there was a diffuse pulmonary " muscular cirrhosis."
Diabetes insipidus was not present in any of the cases of tuberous sclerosis since described in which there were signs, radiological or pathological or both, of diffuse " myomatosis" of the lungs (Berg and Zachrisson, 1941; de Fine Licht, 1942; Rosendal, 1942; Samuelsen, 1942; Paliard, Plauchu, Galy, and Papillon, 1946; Berg and Nordenskj6ld, 1946; Oswald and Parkinson, 1949) . Adenoma sebaceum, epilepsy, subungual fibromata, phakomata, and bony changes are inconstant in these case reports. Berg and Zachrisson (1941) (Sutton and Liversedge, 1951) Rosendal's (1942) patient with " honeycomb lungs" was thought to be suffering from pulmonary tuberculosis or sarcoidosis, but at necropsy there was diffuse pulmonary myomatosis and cystic dilatation of alveoli and bronchioles. The final diagnosis was in doubt. In this case, as in that of de Fine Licht (1942) , there were no other changes at necropsy, but both authors noted the resemblance to the pulmonary pathology in cases of proved tuberous sclerosis.
As far as I know diabetes insipidus has not been described in tuberous sclerosis. SUMMARY Four cases are described in which there was an association of diabetes insipidus and diffuse pulmonary disease.
The first case was one of sarcoidosis, a disease in which diabetes insipidus and other hypothalamohypophyseal syndromes occur from time to time. Following a characteristic uveoparotitis with facial palsy, the patient developed hilar lymphnode enlargement and later coarse pulmonary fibrosis and diabetes insipidus.
In the second and third cases diabetes insipidus was associated with diffuse pulmonary disease which caused a fine reticular pattern, of the " honeycomb" type, on the radiograph. It was more evident in Case 3 in which pneumothorax, artificial and induced, enhanced the " honeycomb " appearance of the pulmonary radiograph. In addition, in Case 3, there was mental deterioration.
In neither case were there any bony lesions on radiological examination. The blood cholesterol levels were 235 and 283 mg. per 100 ml. respectively. It is suggested that these two cases are examples of xanthomatosis affecting the lungs and the pituitary region, and the differential diagnosis from sarcoidosis is discussed. In the fourth case no cystic changes have been demonstrated in the lungs. The Mantoux reaction is positive.
The general question of the aetiology of cases of diabetes insipidus (and other hypothalamohypophyseal syndromes) associated with "honeycomb" lungs is considered in the light of these case reports and of similar ones in the literature. Necropsy studies will be necessary to confirm the true nature of such cases, but they are presumably examples of disordered lipoid metabolism.
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